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In  a  previous paper  by  the writer  (13)  evidence was  presented 
which indicated that potato tuber tissue under the conditions of the 
experiments performed responded in  water  absorption,  in  the  ab- 
sorption and retention of dyes and in its effect upon the hydrogen 
ion concentration of dilute buffer mixtures much as  an  ampholyte 
with an isoelectric point in  the vicinity of pH 6.0  In the present 
paper  evidence  is  presented  which  indicates  that  the  mycelia  of 
Rhizopus  nigricans  and  of Fusarium lycopersici respond in  the  ab- 
sorption  and  retention  of  dyes  much  as  amphoteric  colloids  with 
isoelectric points in the vicinity of pH 5.0 and 5.5,  respectively; and 
that these points are of physiological importance in the growth of the 
two fungi. 
An amphoteric compound like  a  protein reacts with and  retains 
acid dyes on the acid side of the isoelectric point while it reacts with 
and retains basic dyes on the alkaline side of the isoelectric point. 
By determining, therefore, the reactions at  which an acid dye like 
eosin is retained by the protein and at what reactions a basic dye like 
methylene blue or safranine is retained information may be gained 
as  to  the  isoelectric point  of  the  protein.  This  method of  deter- 
mining the isoelectric point has been used by Loeb  (9)  for gelatin 
and by Thomas and Kelly (17) for hide powder.  Using the mycelium 
of  the  two  fungi mentioned an  attempt  was  made  to  determine 
the relation between hydrogen ion concentration and the response to 
dyes. 
The mycelium of Rkizopus  nigricans used in the experiments was 
grown on potato dextrose agar in test-tubes 2.5  X  20.5  cm.  After 
several  days  growth  a  mycelial  mat  was  formed which  could  be 
stripped off  the  agar.  This mat was  cut into  pieces about  1.5  to 
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2.0 cm. square and used in the experiments.  Tufts of the aerial my- 
celium were also used in some cases.  The acid dyes used were water- 
soluble  eosin,  Martius  yellow,  acid  fuchsin,  and  orange  G.  The 
basic dyes were methylene blue, basic fuchsin, and safranine. 
The general  procedure used  was  to  stain  the  tufts  of mycelium 
or pieces of mycelial mat for a few seconds or a few minutes with the 
dye  and  then  wash  the  stained  mycelium with  buffer mixtures  of 
different  hydrogen  ion  concentrations.  The  buffer  mixtures  used 
consisted  of  mixtures  of  0.1  ~  phosphoric  acid  and  0.1  ~  sodium 
hydroxide.  During the washing the loss of the dye from the mycel' 
ium was observed and those reactions noted at which it was retained 
and at which it was lost. 
The results with the dyes indicated that the mycelium of Rhizopus 
nigricans responded to both basic and acid dyes much like a protein 
with  an  isoelectric point in  the vicinity of pH  5.0.  The  following 
are typical experiments. 
Experiment 1.--Mycelial mat and  tufts of mycelium were stained 
a few minutes with 1 per cent eosin and washed in buffer mixtures of 
0.1  ~t phosphoric acid and sodium hydroxide of pH 3.5,  3.9,  4.5,  5.7, 
5.8,  and  6.9.  After about  1 hour the mycelial mat at ptI  3.5,  3.9, 
and 4.5  was bright red; from pg  5.7,  was intermediate red;frompH 
5.8,  faint pink;  and  pH  6.9,  white.  After 24  hours  the  mycelium 
washed with buffer mixtures of pH 3.5  and 3.9  was bright red;  pH 
4.5,  intermediate;  5.7  and  5.8,  faint  pink;  and  6.9,  white.  While 
the mycelium washed with buffer mixtures of pH 5.7 and 5.8 retained 
a little of the eosin even with 24 hours washing the response was much 
like a protein with an isoelectric point between pH 4.5  and 5.7. 
Experiment 2.--Repeated the first experiment using buffer mixtures 
of pH  3.4,  3.5,  3.7,  3.9,  and  5.1.  The mycelium washed with  the 
first four buffer mixtures remained very red but lost the color in the 
last.  From Experiments  1 and  2  the hypothetical isoelectric point 
would  be located between ptI  4.5  and  5.1. 
Experiment &--The mycelium was stained with  1 per cent safra- 
nine and washed with the same buffer mixtures as in Experiment 2. 
After washing for 1 hour the mycelium at pH 3.4 was white; pH 3.5, 
3.7,  and 3.9,  red; but much less red than at pH 5.1.  After 48  hours 
'Washing ~the mycelium at pH 3.4 was white; at pH 3.5,  3.7,  and 3.9, WILLIAM  J.  ROBBINS  261 
very pale pink; and at pH 5.1,  deep pink.  While some of the basic 
dye  was retained  at  pI-I  3.5  to  3.9  the  response  was  much like  a 
protein with isoelectric point between pH 3.9  and 5.1. 
Experiment 4.--Used  1 per cent safranine and buffer mixtures of 
pH 3.9,  4.4,  4.6,  4.8,  and 5.1.  Color came out most rapidly at pH 
3.9, considerably in 4.4, 4.6, and 4.8, very little in 5.1 as compared to 
4.8.  After about 30 minutes the mycelium at pH 3.9,  4.4,  4.6,  and 
4.8 was much lighter red than in 5.1.  This was after several changes 
of the buffer mixtures. 
Experiment  5.--Repeated  Experiment  4  with  eosin.  After  30 
minutes  little  difference noted.  After  2  days  the  one  in  5.1  was 
faint pink, others red.  This would place the isoelectrlc point between 
4.8  and  5.1  as  determined  by  eosin  and  safranine.  New  growth 
from each piece indicated that the mycelium was not entirely dead. 
Experiment 6.--Mycelial mat  stained  first  with  1  per  cent  eosin 
and  then  1  per  cent methylene blue.  Sum  total  a  bluish  purple. 
When  washed  in  buffer mixtures  of pH  3.5,  3.9,  5.1,  6.0,  6.7,  the 
methylene blue came out at the acid end leaving the mycelium red at 
pH  3.5  and  3.9.  The  eosin  came out  at  the  alkaline  end  leaving 
mycelium blue at pH 6.0  and 6.7.  At 5.1  both dyes were retained 
to some degree and at the end of washing the mycelium was purple. 
Experiment 7.---Mycelial mat  stained  for  10  seconds  in  0.05  per 
cent basic fuchsin and washed in buffer mixtures of pH 4.1, 4.5, 5.0, 
5.5,  5.9,  6.5,  and  7.2.  After 50  minutes  and  three  changes of  the 
buffer mixtures the mycelium in pH 4.1,  4.5,  and 5.0 was distinctly 
lighter in color than the balance.  After 18 hours the mycelium in the 
first three most acid buffer mixtures was light brownish red and in 
pH 5.5 to 7.2, red.  The difference between the color of the mycelium 
at pH 5.0 and that at 5.5  was marked. 
Orange  G,  Martius  yellow, and acid  fuchsin were unsatisfactory. 
The first two because they washed out of the mycelium too readily. 
The last because it acts as an indicator and becomes colorless in the 
alkaline solutions. 
The experiments on dye absorption and retention described above 
indicated that the mycelium of Rhizopus nigricans responded much as 
a protein would with isoelectric point between pH 4.8 and 5.1.  The 
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and the basic dyes used were strongly held at pH 5.1  or more.  The 
response was not so sharp  as can be secured with a protein like gela- 
tin,  a  small  amount  of  the  acid  dyes being  held  at  reactions  more 
acid  than  pH 5.1  even after comparatively long periods of washing. 
If  the  mycelium  of  Rhizopus nigricans responds  like  a  protein 
with an isoelectric point near pFI 5.0 in dye absorption and retention 
we should  also  expect  that  its  capacity for water  absorption  would 
be reduced  at  that point.  The reduction in water absorption should 
result in a decreased turgot and a  reduction in growth in the vicinity 
of pH 5.0 as contrasted to somewhat more acid and alkaline reactions. 
In  order  to  test  this  hypothesis  the  mold  was  grown  upon  potato 
dextrose  agar  and potato dextrose broth the reactions  of which were 
adjusted by means  of phosphoric  acid.  On both media a  reduction 
in  growth was  found  at  an  initial  reaction  of pH 5.2.  The  experi- 
ments were performed as follows: 
Potato  dextrose  agar  was  prepared  by boiling  200  gin.  of peeled 
and diced potatoes in  1 liter of tap water until  soft.  After filtering 
through  cheese cloth 20 gin.  of agar in shreds and  10 gin.  of glucose 
were added.  The original  SSrensen value of the agar was 8.0.  This 
figure  was  secured  with  three  lots  of  potato  dextrose  agar  and  is 
higher  than  that  reported  by Hopkins  (8).  It  was  separated  into 
lots of approximately 100  cc. and  1.0,  3.5, 5.6,  6.5,  7.0,  7.5,  8.0,  10.0, 
or  13.0  cc.  of 0.1  ~  phosphoric acid were added  to  each lot.  After 
sterilization  the agar was poured into Petri dishes and the acidity of 
a  portion  measured  colorirnetrically  by  Gillespie's  method.  The 
acidities found  are given in Table I.  To the  two most acid lots an 
additional  0.5 gin.  of agar was added making  them 2.5 per cent agar 
in  order  to  make  sure  that  they  would  gel.  Four  plates  of  each 
reaction  were  poured  and  inoculated  in  the  center  by means  of  a 
platinum  needle.  The  spores of the inoculum made a  streak 2  to 3 
ram. long.  Incubation was carried out in the dark at room tempera- 
ture, approximately 25°C., and at the end of 24, 4t, and 48 hours the 
diameters  of  the  colonies  were  measured.  The  majority  of  the 
colonies were  not  circular.  The  longer  and  shorter  diameters  were 
therefore  measured  in  each  case.  This  made  two  measurements 
for  each  culture  and  eight  for  the  four  cultures  at  each  acidity. 
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Table I, and in the curves of Fig. I.  The extent of the growth was 
least  in  the  most  acid plates,  original pH  4.1.  It  increased to  a 
maximum at pH 4.7 to 4.9, declined to minimum at pH 5.2; rose to 
a second maximum at pH 5.4, and then declined in the most alkaline 
media.  These results agree fairly well  with what might be antici- 
pated  from  the  action  of  the  mycelium toward  the  absorption  of 
dyes.  It was found there that the mycelium of Rhizopus nigricans 
responded much like a protein with an isoelectric point in the vicinity 
TABLE  I. 
Average Diameters of Colonies of Rhizopus  nlgricans  at 24, 41, and 48 Hours  on 
Po/ato Dextrose Agar of Different Acidities.  Variations  in Acidity 
Produced by the Addition of Phosphoric Acid. 
Average of diameters of colonies  at 
Initial pH. 
24 hrs.  41 hrs.  48 hrs. 
4.1 
4.4 
4.6 
4.7 
4.9 
5.2 
5.3 
5.4 
5.7 
6.1 
fnftt. 
14.2 
18.0 
19.8 
20.5 
21.1 
18.9 
20.0 
21.8 
18.7 
16.35 
ram. 
35.3 
47.2 
54.7 
56.1 
55.1 
53.2 
55.7 
57.1 
52.2 
45.9 
ram. 
41.4 
55.1 
64.7 
65.3 
56.1 
62.7 
64.7 
67.3 
61.8 
56.1 
of pH 5.0.  This would be, therefore, a point of low water absorption 
and a low point  in  growth due to the  decreased water absorption. 
The growth curves show a low point at pH 5.2 between two maxima. 
This figure represents the initial pit of the potato dextrose agar. 
What the hydrogen ion concentration was at the time the measure- 
ments of colony diameters were made was not determined.  It was, 
without  doubt,  somewhat  more  acid.  Rhizopus nigricans makes 
this medium more acid during its growth due very probably to the 
production of an organic acid.  2 days after the last measurements 
of growth were completed and the mycelium had completely covered 
the surface of the agar the mycelium and agar were removed from a 
few plates, melted, and the actual acidity determined.  The agar of 264  ISOELECTRIC  POINTS  FOR  MYCELIUM  OF  FUNGI 
original pH 6.l  had changed to pH 3.6  and that  of original pH 4.1 
and 4.7 had changed to a point below pH 3.0,  too acid to be read by 
the colorimetric method used.  The actual acidity affecting the my- 
celium in its growth was therefore greater than the initial  S6renseu 
values would indicate.  The mycelium advancing over fresh medium 
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FIG.  I. Diameter of colonies  of Rhi~.opus  n~gricans  on potato dextrose agar 
at  the end of 24, 41, and 48 hours plotted against the initial hydrogen ion  con- 
centration of the agar.  Variations in reaction produced  by the addition of phos- 
phoric acid. 
on  the agar  plates  experiences, however, more nearly the  action  of 
the original acidity than is true in the liquid cultures reported below. 
In order to substantiate the results secured with the agar an experi- 
ment with  a  liquid  medium of similar constitution  was performed. 
In this case a potato dextrose broth was prepared as previously but WILLIAM  J.  ROBBINS  265 
no agar was added.  The broth was heated at 15 pounds pressure for 
20 minutes  to  complete coagulation  and  filtered.  After filtration  it 
was separated into lots of approximately 200 cc., and 2, 7,  10,  11,  12, 
13, 15, or 20 cc.  of 0.1  M phosphoric  acid  were  added  to  each  lot. 
50 cc. of each lot of broth were placed in each of four 150  cc. Erlen- 
meyer flasks of Pyrex glass and the flasks were sterilized at 10 pounds 
pressure  for  20  minutes.  After  sterilization  three  flasks  of  each 
acidity were inoculated with the spores of Rhizopus  nigricans.  The 
fourth flask was used to determine the actual acidity of the solution. 
The flasks were incubated in  the dark  at  room temperature.  After 
52 hours 5 cc. of concentrated  hydrochloric  acid were added  to  each 
TABLE  II. 
Dry Weight of the Myceliura of Rhizopus nigricans Produced in Potato Dextrose 
Broth  of Different  Acidities  in  52  Hours.  Variations  in  Acidities 
Produced by the Addition of Phosphoric Acid. 
Initial pH. 
4.2 
4.5 
4.7 
5.0 
5.2 
5.3 
5.6 
6.6 
Final pH. 
3.7 
4.05 
4.5 
4.4 
4.4 
4.4 
4.5 
4.5 
!  , 
rag. 
45.0 
53.2 
40.8 
45.6 
35.6 
46.4 
49.0 
44.8 
Dry weight  of mycelium. 
2  3 
rag.  rag. 
41.0  39.8 
48.8  50.2 
51.6  33.2 
50.8  44.6 
44.0  32.8 
39.4  43.4 
41.4  43.8 
52.0  49.2 
Average. 
rag. 
41.9-'- O. 8 
50.7-4-0.7 
41.94-3.0 
47.04-0.3 
37.5~ 1.9 
43.1"4-1.0 
44.7-4-1.2 
48.7-*-1.1 
flask  to stop the growth of the fungus.  The mycelium was filtered 
into  Gooch  crucibles,  dried  at  ll0°C.,  and  weighed.  The  initial 
Stirensen values of the solutions and the dry weight of the mycelium 
are given in Table II.  In Fig. 2 the average dry weight of the tripli- 
cate  cultures  is  plotted  against  the  initial  S6rensen  values  of  the 
solutions.  The  dry  weight  increased  from  that  of  the  most  acid 
solution  pH  4.2  to  a  maximum  at  pH  4.5,  it  then  decreased  to  a 
minimum  at  pH  5.2  rising  to  a  second maximum  at  pH 6.6.  One 
point,  that  for  initial  pH  4.7  is  decidedly  off  the  curve.  The  dry 
weight,  however,  for  this  point  also  shows  the  greatest  probable 
error.  The  results  found  here  agree  with  the  growth  experiment 266  ISOELECTRIC  POINTS  FOR  MYCELIUM  OF FUNGI 
on the agar.  A  low point between two maxima was found at initial 
pH 5.2.  The  average  acidity for this  culture  solution  which  prob- 
ably  represents  more  nearly  the  actual  acidity experienced by the 
fungus was pH 4.9. 
Another  method  for  determining  the isoelectric points  of  ampho- 
lytes is that described by Michaelis (10).  If the ampholyte is placed 
in dilute buffer mixtures  the reactions of the buffer  mixtures  become 
more  acid  on  the  alkaline  side  of  the  isoelectric  point  due  to  the 
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FIG.  2. Dry  weight  of  mycelium of  Rhizopus  nigrlcans  grown  in  potato dextrose 
broth  plotted  against  the initial  hydrogen ion concentration  of the  broth.  Vari- 
ations  in reaction produced by the addition of phosphoric acid. 
reaction  between  cations  and  the  ampholyte.  On  the  acid  side  of 
the isoelectric point  the shift in  the reaction is toward greater  alka- 
linity due to reaction between anions  and  the ampholyte. 
Experiments  of this  type  were  performed  with  the  mycelium  of 
Rhizopus nigricans.  Buffer mixtures  of 0.01  M phosphoric acid and 
0.01 M sodium hydroxide were used.  A piece of the mycelial mat was 
placed in approximately 50 cc. of the solution and  at intervals  5  cc. 
were removed and the hydrogen ion  concentration  determined.  The 
data  are  summarized  in Table  III.  In  the first 4  hours  of  contact 
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reaction.  After  19½  hours  the  buffer mixture  of  pH  5.2  shows  a 
decided change toward greater acidity.  A  repetition of this experi- 
ment using buffer mixtures of 4.5,  5.2,  5.4,  5.6,  and 6.2  showed in 
18 hours the following pH values:  5.6, 5.7,  5.7, 5.6,  and 6.4. 
The mycelium of Rhizopus nigricans apparently did not affect buffer 
mixtures of dilute phosphoric acid and sodium hydroxide as an am- 
pholyte with an isoelectric point in the vicinity of pH 5.0 would be 
expected to do.  The change in reaction toward greater acidity on 
the alkaline side of pH 5.0 was not evident.  The change in reaction 
in buffer mixtures more acid than pH 5.0 was greater than would be 
expected. 
TABLE III. 
Eject of the Mycelium of Rhizopus nigricans upon the Hydrogen Ion Concentration 
of Buffer Mixtures of 0.01 •  Phosphoric Acid and 0.01 ~ Sodium Hydroxide. 
pH after 
Original pH. 
½  hr.  1  hr.  1½ hrs.  4  hrs.  19½ hrs. 
4.1 
4.4 
5.2 
5.4 
5.6 
,5.9 
6.3 
4.2 
4.5 
5.3 
5.4 
5.6 
5.9 
6.2 
4.3 
4.7 
5.2 
5.3 
5.6 
5.9 
6.2 
4.4 
4.9 
5.2 
5.2 
5.5 
5.9 
6.1 
4.6 
5.1 
5.2 
5.3 
5.6 
5.9 
6.1 
5.2 
5.3 
5.8 
5.4 
5.6 
5.9 
5.9 
Scott  (16)  has grown Fusarium  lycopersici  in culture solutions of 
varying  acidities.  When  the  dry  weights  of  the  mycelium  were 
plotted against the SSrensen value of the solutions a  curve was pro- 
duced with a  minimum between two maxima at average pH  about 
5.5.  If we are correct in our assumptions we should find that  the 
mycelium of this fungus responds to dyes much like a  protein with 
an isoelectric point at pH 5.5.  Experiments similar to those carried 
out  with  the  mycelium of  Rhizopus  nigricans  indicated  that  the 
mycelium of  Fusarium  lycopersici  does  respond  in  dye  absorption 
much like a protein with an isoelectric point near pH 5.5. 
The mycelium was grown for the writer by Scott on a culture solu- 
tion.  The dyes used were Martius yellow, acid fuchsin, eosin, methy- 
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from 0.1  ~  phosphoric acid and 0.1  M sodium hydroxide.  The best 
results were secured with basic fuchsin, eosin,  and a  combination of 
eosin  and methylene blue. 
Experiment/.--The mycelium of Fusarium lycopersici was stained 
with 1 per cent eosin for a few minutes and washed in buffer mixtures 
of 0.1  ~  phosphoric acid and 0.1  ~  sodium hydroxide.  The buffer 
mixtures used were of pH 3.5, 3.9, 5.3, 6.0, 6.7,  and 7.3.  After 18 
hours the mycelinm from pH 3.5  and 3.9 was bright red; from 5.3, 
deep pink; from 6.0, light pink; and from 6.7  and 7.3, almost white. 
The distinct difference in color between the mycelium from the buffer 
mixture of pH 5.3 and that of pH 6.0 would suggest an isoelectric point 
between pH 5.3 and 6.0. 
Experiment 2.--Mycelium of Fusarium lycopersici stained for  10 
seconds in 0.05 per cent basic fuchsin and treated with buffer mix- 
tures of pH 4.1, 4.5, 5.0, and 5.5, was distinctly lighter in color than 
that from buffer mixtures of pH 5.9 and 6.5.  The mycelium in pH 
7.2  was  also  light in  color.  After 18  hours washing the mycelium 
in pH 4.1 was almost white, that in pH 4.5 showed faint color, that in 
pH 5.0  and 5.5  showed a little more color,  but much less  than the 
mycelium in  pH  5.9  and  6.5.  The mycelium in  pH  7.2  was  also 
faint in  color but  darker than that from the acid buffer mixtures. 
This would place the isoelectric point between pH 5.5  and 5.9. 
Experiment 3.--Mycel{um stained with 1 per cent eosin for a  few 
minutes and  then a  few seconds with 0.1 per cent methylene blue. 
Mycelium a  deep purple.  Placed to wash in buffer mixtures used 
in Experiment 2.  After 24 hours washing the mycelium at pit 4.1 
was deep red; at pH 4.5  and 5.0, red with little  blue  on  edges; at 
5.5, pink;  at  pH  5.9, 6.0, and  7.2, almost white.  On exposure to 
the air blue color developed in  the mycelium from the  three most 
alkaline solutions and the final appearance was as follows:  pH 4.1, 
4.5,  5.0, red;  5.5, faint pink,  little  blue;  5.9,  6.5, 7.2, blue.  This 
would place the isoelectric point near pH 5.5.  In a  similar experi- 
ment  when the myceliumwas  stained with 1  per cent eosin and 1  per cent 
methylene blue, it was found impossible  to remove all the methylene 
blue from the mycelium  in the acid buffer mixtures even after 48 hours 
washing.  The relative predominance of the red or blue color, however, 
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The same difficulties with Martius yellow and acid fuchsin found in 
the case of Rhizopus nigricans were also found with Fusarium lycoper- 
sid. 
DISCUSSION. 
How  far  the  analogy  between  the  responses  of plant  tissue  and 
those of an amphoterlc  colloid, witli a definite isoelectric point  can be 
pushed  is a  question  of fundamental  importance. 
The  effect of acid and  alkaline  reactions  on  the absorption  or loss 
of dyes  by  plant  cells is evidence  which  supports  such  an  analogy. 
Several  investigators  have  observed  the favorable  effect of acid reac- 
tion upon  the uptake  of acid dyes  and  its inhibitory  effect upon  the 
absorption  of  basic  dyes,  by  living  or  dead  plant  or  animal  ceils 
and vice versa,  the favorable  effect of basic reaction  on the absorption 
of basic  dyes  and  its inhibitory  effect  upon  the  absorption  of acid 
dyes.  Robertson  (14) observed  it working  with  0.01 N  hydrochloric 
acid and  0.01 ~  sodium  hydroxide  upon  the staining of fat cells,  con- 
nective  tissue cells,  and  red blood  corpuscles  by  acid and  basic dyes. 
Harvey  (6) found  that basic dyes as a rule could not enter cells  in the 
presence  of a  trace of acid in the medium  whereas  certain  acid dyes 
did not enter  cells  in neutral  or weakly  alkaline  solution  but  readily 
stained  and killed  the cells in weakly acid  solution.  He  explained 
this as due to an effect of the acidity or alkalinity upon the dissocia- 
tion of the dye.  Endler (4), Bethe (1, 2), Rohde (15), and Collander 
(3)  extended and confirmed Harvey's observations but explained the 
results as due to an effect of the acidity or alkalinity upon the power 
of the cell colloids to absorb the dyes. 
The  effect  of  acidity  and  alkalinity  upon  the  conductivity  of 
Laminaria  tissue  observed  by  Osterhout  (11,  12)  is  analogous  to 
their action upon the conductivity of an amphoteric colloid. 
The production of a  double maximum curve under conditions of 
different  acidities  and  alkalinities  for  the  absorption  of  water  by 
plant  tissue,  for the germination of seeds or spores,  for the growth 
of plants, and for the infection of plants by certain fungi offers addi- 
tional evidence in the same direction.  Attention was called to  this 
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Endler  (4)  found  that  the  order in  which  certain salts  affected 
the absorption of methylene blue by Elodea cells in alkaline solution 
was reversed in acid solution.  He concluded that the protoplasm of 
Elodea  acted  like  an  amphoteric  colloid  with  an  isoelectric point 
between pH  3.8  and 4.1.  The death of the  cell  changed the  iso- 
electric point to a more alkaline position. 
Falk and Shaugnessy (5) state that the bacteria act like arnphoteric 
colloids  with two isoelectric points.  Hoagland and Davis  (7)  found 
that the nitrate ion was absorbed by Nitella  cells  from solutions of 
pH 5.0, 5.2, or 6.2 but very slightly from solutions of pH 7.0, 7.2, 8.5, 
or  9.0+.  This  is  analogous  to  the  action  of  an  ampholytewith 
isoelectric point between pH 6.2  and 7.0. 
Difficulties in  the  application of such a  conception to  the living 
cell particularly the plant  cell are numerous.  The complexity and 
diverse make-up of the cell contents and the presence of a large and 
aqueous central vacuole in the majority of plant cells are two of the 
most obvious.  Nevertheless the positive evidence at hand indicates 
that  the conception of  the  living  cell  as  an  amphoteric  colloid  is 
worthy of serious consideration. 
SUMMA.RY. 
1.  Mycelium of Rhizopus nigricans when stained with certain acid 
and basic dyes and washed with btiffer mixtures of 0.1 ~t phosphoric 
acid  and  sodium  hydroxide  responded  much  like  an  amphoteric 
colloid with an isoelectric point near pI-I 5.0. 
2.  When  grown  on  potato  dextrose  agar  the  reaction  of  which 
was  varied  with  phosphoric  acid  the  extent  of  colony growth  of 
Rhizopus  nigricans plotted against the initial SSrensen value of the 
agar produced a double maximum curve with the minimum between 
the two maxima at initial pH 5.2. 
3.  When  grown in  potato  dextrose broth  the  reaction  of which 
was varied with phosphoric acid the dry matter produced by Rhizopus 
nigricans plotted against the SSrensen value of the broth produced a 
double maximum curve with the minimum between the two maxima 
at initial pFI 5.2  or average pH 4.9. 
4.  1V[ycelium of  Rhizopus  nigricans placed in  buffer mixtures of 
0.01 ~ phosphoric acid and sodium hydroxide of pH 4.1 to 6.3, changed 
the reaction in most cases  toward greater alkalinity. WILLIAM J.  lZOBBINS  271 
5.  Mycelium  of  Fusarium  lycopersid  stained  with  certain  acid 
and basic dyes and washed with buffer mixtures of 0.1  •  phosphoric 
acid  and  sodium hydroxide  responded  much like an  amphoteric  col- 
loid with  an isoelectric point  near pH  5.5. 
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